Abstract: Acute injuries of the tracheobronchial system are rare and life-threatening situations. Tracheal rupture most commonly occurs after blunt trauma to the chest. It is a rare but most concerning immediate complication of intubation. One-lung ventilation is required in lung surgery. Video assisted thoracoscopic procedures are an absolute indication for one-lung intubation. The double-lumen tube is the mainstay of one lung ventilation. Due to their larger size and rigidity, double lumen tubes are more difficult to insert, and complications are more common than with single lumen tubes. Opinions about the need for checking routinely the position of a double lumen tube by fiber optic bronchoscopy directly after intubation are divided. A 69-year-old woman with epidermoid lung carcinoma was scheduled for video assisted thoracoscopic left upper pulmonary lobectomy under general anaesthesia. The patient was prepared for the operation and itubated with the Carlens double lumen tube as usual. On introducing the camera into the thoracic cavity, the surgeon noted that the lungs were not completely collapsed. During blind adjustment the position of the tube the trachea was ruptured. The right-sided thoracotomy was performed and closed the greater part of the tracheal laceration. Only its upper 1.5-cm segment was surgically inaccessible because of the anatomical situation and thus remained unsutured. The patient received antibiotics, continuous airway humidification, analgesia with piritramide, and chest physiotherapy. She had no complications. In the literature, opinions about checking routinely the position of a double lumen tube by fiber optic bronchoscopy are divided. . Possibly, the very serious complication encountered in our patient could have been avoided, had the tube position been checked by bronchoscopy. The treatment strategy for post-intubation tracheal rupture depends on the size and location of the rupture, its clinical presentation, and the overall condition of the patient). Early surgical repair is the treatment of choice for most patients when a transmural tear with a length exceeding 2 cm. In our the combination of surgical and conservative treatment was performed. The uppermost part of the tear could not be sutured because of the anatomical situation, and so about 1.5 cm of the trachea remained open. The case is interesting from many perspectives. It shows that intubation with a Carlens tube is a potentially hazardous procedure, which should be performed only by experienced anaesthesiologists. Furthermore, our case report underscores the importance of checking routinely the position of a double lumen tube by fiber optic bronchoscopy. It provides evidence that minor tracheal lacerations can be successfully managed by conservative measures.
Introduction
Acute injuries of the tracheobronchial system are rare and life-threatening situations [1] .
Tracheal rupture most commonly occurs after blunt trauma to the chest. It is a rare but serious and immediate complication involving intubation [2] . Onelung ventilation is required during lung surgery. Video assisted thoracoscopic procedures are an absolute indication for one-lung intubation. The double-lumen tube is the mainstay of one lung ventilation. Due to their larger size and rigidity, double lumen tubes are more difficult to insert, and complications are more common than with single lumen tubes. Opinions about the need for regularly checking the position of a double lumen tube by fibre optic bronchoscopy directly after intubation are divided [3] [4] [5] [6] .
We report a case of tracheal laceration and pneumothorax following endotracheal intubation with a Carlens double lumen tube.
Case Presentation
A 69-year-old woman with epidermoid lung carcinoma was scheduled for video assisted thoracoscopic left upper pulmonary lobectomy under general anaesthesia. Her medical history showed long-standing arterial hypertension treated by antihypertensives and prolonged smoking. Physical examination was unremarkable and all investigations were within normal limits. The patient had a body weight of 62 kg and a height of 157 cm.
An hour before surgery, the patient was premedicated with Apaurine 10 mg (1 tab.). Upon arrival in the operating room, a crystalloid infusion was started. An arterial cannula for continuous blood pressure measurement and a peripheral venous catheter were inserted. Antibiotic therapy (cefazoline 2 g) was administered intravenously. Following induction of anaesthesia with remifentanil (40 mg), propofol (150 mg) and rocuronium (50 mg), the patient was intubated using a Carlens size 37 double lumen tube with a hook (Mallinckrodt). After intubation, the position of the tube was checked by auscultation. The patient was then turned on her right side and one lung ventilation was started. Total intravenous anesthesia (TIVA) was maintained by infusion of propofol (6 mg/kg/h), remifentanil (0.2-05 mcg/kg/min), and bolus doses of rocuronium (10 mg i.v.) given when required. Volume controlled ventilation was performed with a Draeger Primus anaesthetic machine using the following settings: tidal volume 350 ml; respiratory rate 16/min; PEEP 0; FiO2 70%. The patient's SaO2 was 100% and her airway pressures were moderately elevated (up to 35 mmHg). During this time, the patient's circulation was stable.
On introducing the camera into the thoracic cavity, the surgeon noted that the lungs were not completely collapsed. Suction was applied but the condition failed to improve. He therefore decided to adjust the position of the tube blindly. Having deflated both cuffs, he tried to reposition the tube, but it was unable to be moved. When more force was applied, the tube moved and an audible sound was apparent. The patient was immediately turned on her back, and fibre optic bronchoscopy was performed to check the position of the tube. As the bronchi were not visible, we decided to carry out a rigid bronchoscopy, which revealed a laceration of the trachea. An ordinary 7.5 mm Portex orotracheal tube was then introduced into the right bronchus, the patient was again turned on her right side, and a left-sided thoracotomy was performed. The patient showed signs of increasing haemodynamic instability, her oxygen saturation level continued to decline even when FiO2 was increased to 100%. Auscultation disclosed rightsided pneumothorax. This was drained through the mediastinum, whereuponthe condition immediately improved. Having completed the operation, we turned the patient on her left side, performed a right-sided thoracotomy, and closed the greater part of thetracheal laceration. Only its upper 1.5 cm segment was surgically unaccessible because of the anatomical situation and thus remained unsutured. At the end of the procedure, a bilateral intercostal block was performed using 0.5% levobupivacaine (2 x 10 ml).
The operation lasted 6 hours. Upon completed, we wanted to awaken the patient from anaesthesia, though we feared that artificial ventilation might cause additional complications, because increased pressure and emphysema could prevent the laceration from closing sponatneously. Although neuromuscular the blockade was reversed with neostigmine, adequate breathing was initially not resumed. This occurred only after application of sugammadex (2 x25 mg), whereupon the patient was extubated and taken to the intensive care unit.Postoperatively, broad spectrum antibiotic therapy (cefazoline 2 g /8 h) was administered forthree days. The patient received continuous airway humidification, analgaesia with piritramide, and chest physiotherapy. She had no complications, and after a week she was discharged home in good condition.
Discussion
Tracheal disruption following intubation is a rare entity [1, 7] . Proposed risk factors for this injury relate to the patient, the operator, the endotracheal tube, the technique of intubation, and the anaesthesic management [9] . Often, tracheal rupture appears to result from a combination of these factors [7] . In some cases, the cause remains unknown [7] . One of the main risk factors is double lumen tube insertion. Due to their larger size and rigidity, double lumen tubes are more difficult to insert and carry a higher complication rate than single lumen tubes. There are many case reports of tracheal or bronchial injury occurring during insertion of a double lumen tube. The Carlens tube, provided with a carinal hook, is especially likely to cause injuries [9] [10] [11] [12] [13] . The alternative to the Carlens tube is the Robertshaw tube, which is similar but has no carinal hook. Therefore, the likelihood of tracheal injury occurring during intubation is smaller but malposition of the tube is more frequent. Other serious complications such as ventillation problems and hypoxaemia are equally common with both types of tubes [14, 15] . At the University Medical Centre Ljubljana, Robertshaw tubes are not used because of frequent malpositioning.
In our patient, tracheal rupture was probably the result of a combination of concidences.
During introduction of the double lumen tube, the trachea was most likely damaged by the carinal hook. Further damage to the tracheal wall was caused by the inflated cuff, which became wedged in the tear. Although we deflated the cuff before attempting to reposition the tube, the cuff caught in the tear apparently remained inflated and while being pulled upward, it lacerated the tracheal wall. Finally it remained in the upper part of the trachea at the end of the membranous portion. At this point it burst due to the initial rupture that occured when withdrawn from the trachea. In the literature, the use of a double lumen tube with a stylet and a carinal hook is often mentioned as a risk factor for intubation related tracheal injury [1] [2] [3] . This type of tube that was used in our patient.
In the literature, opinions about regularly monitoring the position of a double lumen tube by fibre optic bronchoscopy are divided [3] [4] [5] [6] . Since the necessary equipment is widely available and not too expensive, most thoracic surgeons nowadays tend to use bronchoscopy in addition to auscultation for checking the tube position. At the University Medical Centre Ljubljana, right-sided double lumen tubes are placed under bronchoscopic control, whereas for a left-sided double lumen tube, auscultation is considered adequate, fibre optic bronchoscopy being used only in case of uncertainty. Quite possibly, the complication encountered in our patient could have been avoided, had the tube position been checked by bronchoscopy.
In most cases reported in the literature, the finding of a clean, sharp-edged longitudinal tear in the posterior membranous part of the trachea at the thoracic level when using a double-lumen tube, such as was found in our patient by bronchoscopy, may indicate a cuffinduced rupture [7] . As cuffs tend to expand during anaesthesia, monitoring cuff pressure during surgery is recommended. Normal cuff pressure ranges from 25 to 30 mmHg [2] . A cuff pressure monitor was not used in our patient, and so it is possible that the cuff was overinflated. One of the possible signs of tracheal injury on intubation is pneumothorax. Pneumothorax occurs only if the tracheobronchial rupture communicates freely with the pleural space. In the series of patients reported by Hofmann et al, pneumothorax was observed in one out of 19 cases [1] . In other reported series, the incidence of pneumothorax varied widely, from 0% to 60% [14, 15] .
Fibre optic bronchoscopy is the most effective diagnostic tool. It was used also in our patient. It can be performed on the operating table, and provides sufficient information on the extent and depth of the lesion needed to plan the treatment. Computerized tomography is required in some cases of suspected mediastinal bleeding or emphysema. Oesophagoscopy is used rarely, only in patients with suspected tracheooesophageal connection [1] .
The treatment strategy for post-intubation tracheal rupture depends on the size and location of the rupture, its clinical presentation, and the overall condition of the patient [7, 16] . The lesion can be treated surgically or by conservative measures. Selecting the best treatment for post-intubation tracheal rupture is a difficult task. The current tendency is to decrease invasive surgical treatment for the benefit of conservative management (1 Carbogani,VI Jougon) [17] .
Early surgical repair is the treatment of choice for most patients when a transmural tear with a length exceeding 2 cm causes pneumothorax and/or pneumomediastinum, and when the lesion is discovered during a thoracic surgical procedure [6] . Many authors generally prefer surgery to conservative measures in the treatment of tracheal ruptures [15, 19] . Surgical closure is imperative for patients undergoing lung operations [20] . In our patient, surgical treatment consisting of thoracotomy and suture of the trachea was selected because the tear was very long, extending from the lower end of the trachea almost to its beginning, thus comprising the entire membranous portion, and because the patient had an operation on her lungs and was likely to experience respiratory problems in the postoperative period. The uppermost part of the tear could not be sutured because of the anatomical situation, and so about 1.5 cm of the trachea remained open. A cervical approach to this area was not employed, although it is advocated by some authors [21] .
Upon completion of surgery, it was necessary for the patient to wake up and start breathing adequately; positive pressure ventilation could cause air to leak through the upper unsutured end of the tear, leading to subcutaneous emphysema and impaired healing. Since the operation lasted relatively long (5 hours) and fairly large doses of anaesthetics were required to achieve sufficient relaxation for surgery, bronchoscopy and reintubation (altogether 110 mg rocuronium), the patient initially failed to resume adequate breathing. After application of sugammadex her breathing improved and extubation was possible.
Conservative measures used in the treatment of tracheal wall rupture include continuous airway humidification, broad-spectrum antibiotic therapy (using a combination of beta-lactam antibiotics and aminoglycosides to prevent the occurrence of mediastinitis and sepsis), and chest physiotherapy [16] . These measures were used also in our patient after the operation. There were no complications in the early postoperative period.
Conclusion
We have described a patient who sustained iatrogenic tracheal rupture during intubation using a double lumen tube with a carinal hook. The case takes on an interesting perspective. It shows that intubation with a Carlens tube is a potentially hazardous procedure, which should be performed only under supervision by experienced anaesthesiologists. Thus the questions arise whether Robertshaw tubes might not be more appropriate. Furthermore, our case report underscores the importance of routinely monitoring the position of a double lumen tube by fibre optic bronchoscopy both directly after placement and later on if ventilation problems appear, as well as the need for monitoring the pressure within the cuff.
It is also interesting from a surgical point of view, since the greater part of the tracheal tear was managed surgically, only the upper 2-cm segment, inaccessible to the surgeon, was treated conservatively. It thus provides indirect evidence that minor tracheal lacerations can be successfully managed by conservative measures.
